Introduction
Lymphatic filariasis is currently found in approximately 80 countries. Over one billion people around the world are at risk of lymphatic filariasis infection, and more than 120 million are already infected, with more than 40 million incapacitated or disfigured by the disease. Countries where lymphatic filariasis is found are mostly in the tropical and sub-tropical regions of the world. Lymphatic filariasis is the etiologic agent of zoonosis of both humans and animals that is mainly distributed in east and South-East Asia. There are two types of lymphatic filariasis, periodic Brugia malayi Fang, et al.: Composite CPI/GAPDH gene on DNA immunity April-June 2016 through selecting effective and protective antigens and combining them organically to get composite or mixed multivalent vaccines. [5, 6] Cysteine proteinase inhibitors (CPIs) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) have many kinds of physiological functions. They are also important dominant antigens and play important roles in existence and development of parasites as well as the relationship with the hosts. [1, 7, 8] In this study, we construct a recombinant expression plasmid containing composite gene BmCPI/BmGAPDH of the periodic B. malayi and investigate its cellular immune responses in mice.
Materials and Methods

Amplification of the target genes
The primers were designed using software Primer 5.0 according to the known sequences of GAPDH and CPI of the periodic B. malayi in GeneBank and were synthesised by Sangon, China. The primers were BmGAPDH sense: 5'-CCGGATCCACCATGATTAACATTGACTAT-3', BmGAPDH antisense: 5'-CCCTCGAGTTAGGTTGCTGT AGCCATAT-3', BmCPI sense: 5'-CC GCTAGCAACGATG TCAATAAAAGA AG-3', BmCPI antisense: 5'-CCGGA TCCCTATGCACCAAT TAAAAC-3'. Total RNA was extracted using a Trizol reagent (Promega, USA) according to the manufacturer's instructions. The absorbance of total RNA was determined (values of A 260 and A 280 ). The quality of RNA was determined by formaldehyde-agarose gel electrophoresis. The target gene sequences were amplified by reverse transcription-polymerase chain reaction (RT-PCR) and the PCR products were identified by 1% agarose gel electrophoresis.
Construction of vectors expressing the target genes
The above-mentioned products of RT-PCR were separated in 1% agarose gel, and the target bands were purified using a DNA gel extraction kit (Sangon Biotech, China). The target genes were TA-cloned into a pGEM-T Easy vector (Promega, USA). And then the constructs were transformed to DH5α Escherichia coli competent cells. The positive clones were selected by blue-white selection and then amplified. The plasmid DNA was isolated by an extraction kit and detected by PCR. The presence of the inserts was further confirmed by enzyme cleavage identification with BamH I/Xho I, and Nhe I/BamH I, respectively. The positive recombinant plasmids pGEM-T/BmGAPDH and pGEM-T/BmCPI sequenced by Sangon, China.
Construction and identification of the recombinant expression plasmid pcDNA3.1(+)-BmCPI/BmGAPDH containing the composite genes
The recombinant plasmid pGEM-T/BmGAPDH was digested with BamH I and Xho I. The recombinant plasmid pGEM-T/BmCPI with Nhe I and BamH I, and the eukaryotic expression vector pcDNA3.1(+) (Institution of Prevention and Control on Parasitic Disease of Jiangsu Province) with Xho I and Nhe I. The fragments of GAPDH, CPI and pcDNA3.1(+) was extracted after low melting point agarose electrophoresis. The ligation reaction contained a ratio of GAPDH: CPI: pcDNA3.1(+) as 4:4:1 with a volume of 25 μl. After transforming the ligation products into DH5α E. coli competent cells, expand the selected bacterial colonies. Purificate these plasmids, and digest them with BamH I/ Xho I, Nhe I/BamH I, and Xho I/Nhe I (Takara, Japan), respectively. 1.0% low melting point agarose electrophoresis was taken to verify the presence and size of the insert fragments, with plasmid pcDNA3.1(+) as the control.
Purification and identification of the eukaryotic expression plasmid
The plasmid DNA pcDNA3.1(+)/BmCPI/BmGAPDH was isolated using a plasmid miniprep kit (Promega, USA) according to the manufacturer's procedures. The values of the absorbance of the extracted recombinant plasmid were measured by ultraviolet spectrophotometer at the wavelength of 260 nm and 280 nm. The concentration and purity of the plasmid was determined by the values of A 260 and A 280 . Then, dilute the concentration to 1 mg/ml finally. Store it at −20°C.
Preparation of immunologic adjuvant CpG oligodeoxynucleotide
CpG oligodeoxynucleotide (CpG ODN) is the most representative among a new type of immunologic adjuvant. [9] The sequence of CpG ODN 1826 was 5′-TCCATGACGTTCCTGACGTT-3′, which was synthesised by invitrogen. All phosphoric acid in the skeleton was phosphorothioate to enhance nuclease resistance. CpG ODN 1826 was diluted to a concentration of 1 mg/ml solution by normal saline.
Strains and experimental animals
The periodic B. malayis were got from positive mongolian gerbil models provided by Dalian Medical University, and were stored in normal saline under −70°C after being isolated. The experimental animals were specific pathogen free BALB/c mice, female, 6-7 week old, weighing 20 ± 2 g, provided by Experimental Animal Centre at Nantong University. The experiments were carried out in accordance with the guidelines issued by the Ethical Committee of Nantong University.
Immunisation of animals
The BALB/c mice were assigned at random into four groups, with 12 mice in each group. was treated with pcDNA3.1(+)-BmCPI/BmGAPDH at 100 μg per mouse and CpG at 30 μg per mouse. Mice were injected into tibialis anterior muscle of the hind leg for 3 times at a 2-week interval each time. The concentration of Bupivacaine Hydrochloride Injection was diluted to 0.5 mg/ml. Twenty-four hours before each injection, the vaccination site was pretreated with 50 μl bupivacaine hydrochloride injection.
Determination of the target genes expressing in vivo by reverse transcription-polymerase chain reaction
Muscles of the vaccination site of mice were harvested at 4 weeks after the last injection. The total RNA was extracted using a trizol reagent. Then the first strand of DNA was reversely transcribed using oligo-dT as a primer and mRNA of total RNA as a template. Then, the fragments of the target gene were amplified and determined by agarose gel electrophoresis.
Detection of specific antibodies using enzyme-linked immunosorbent assay
Blood samples were taken 3 times from each inoculated mouse: Immediately before the first inoculation, and 4 and 6 weeks after the inoculation, respectively. Sera were separated from these samples and stored at −80°C until use. For a standard enzyme-linked immunosorbent assay (ELISA), a solution containing 40 μg of the purified pcDNA3.1-BmCPI/ BmGAPDH expression protein in 0.1 M bicarbonate buffer (pH 9.6) was pipetted into the wells of a polystyrene microtitre plate, and incubated at 4°C for 24 h. Following incubation with a test serum for at 37°C 1 h, the wells were washed 3 times and filled with a goat anti-mouse-IgG-horseradish-peroxidase conjugate. Specific antibodies were measured by ELISA.
Specific T-lymphocytes proliferation assay by thiazolyl blue tetrazolium blue
Four mice per group were anatomised at 4 and 6 weeks after the last injection. The spleens were made in to cell suspension. Concentration of cells was adjusted to 2 × 10 6 cells/ml after being dyed by trypan-blue and number counted to ensure that the living cells was more than 95%. T-lymphocyte proliferation of each group was determined from stimulation index (SI), which was calculated as the mean of A 570 of cultures containing concanavalin A divided by that of culture without concanavalin A.
Detection of serum cytokines interleukin-4 and interferon-gamma
Blood was taken from eye sockets of mice to collect blood serum at 2, 4 and 6 weeks after the last injection. Samples and relevant reagents were placed at room temperature for 20 min. Samples were diluted at a ratio of 1:2 and were operated according to the manufacturer's protocols. The contents (pg/ml) of interleukin-4 (IL-4) and interferon-gamma (INF-γ) (Jingmei Bio-engineering Co., Ltd., China) were determined by the value of OD 450 using microplate reader.
Statistical analysis
Experimental data were expressed as mean ± standard deviation. A one-way analysis of variance was used, followed by Dunnet's test for multiple comparison. P < 0.05 was considered statistically significant.
Results
Construction and identification of the eukaryotic expression plasmid pcDNA3.1(+)-BmCPI and pcDNA3.1(+)-BmGAPDH
The amplified target genes were TA-cloned into pGEM-T easy vector. The specific fragments of 621 bp and 877 bp were amplified by PCR, respectively. Through selection of the positive clones, digestion, extraction of the target fragments and ligation of the fragments with vector pcDNA3.1(+), the eukaryotic expression plasmid was constructed successfully. The recombinant plasmid pcDNA3.1(+)-BmCPI and pcDNA3.1(+)-BmGAPDH was digested by restriction enzymes BamH I/Nhe I, and BamH I/Xho I, respectively, and the length of the digested fragments were in accordance with the forecast [Figures 1 and 2 ].
Construction and identification of eukaryotic expression vector pcDNA3.1(+)-BmCPI/BmGAPDH containing composite gene
The specific fragments of 621 bp and 877 bp were amplified by PCR using pcDNA3.1(+)/BmCPI/BmGAPDH as the template. PcDNA3.1(+)-BmCPI/BmGAPDH was digested by restriction enzymes BamH I/Nhe I, and BamH I/Xho I, respectively. The length of the digested fragments was in accordance with the forecast [ Figure 3 ].
Determination of target genes expressing in mice
The result showed that the amplified specific electrophoretic bands were clear, and the length of RT-PCR product was in accordance with that of PCR product using cDNA as the template. It indicated that the DNA vaccine containing target genes of periodic B. malayi was able to be expressed in the muscle of mice [ Figure 4 ]. Fang, et al.: Composite CPI/GAPDH gene on DNA immunity April-June 2016
Detection of serum antibody titre in vaccinated mice
When pcDNA3.1(+)-BmCPI/BmGAPDH protein was checked by western blot analysis, one specific band at 54 kDa was revealed (data not shown). The protein preparation was therefore assumed to be quite pure and be the target antigen. In the standard ELISA, the postchallenge sera from the mice immunised with the DNA vaccine had specific antibody titres of 1:1600-1:6400, and the highest titre was observed in the mice that were inoculated using pcDNA3.1(+)-BmCPI/BmGAPDH/CpG later at 6 weeks [ Table 1 ].
Lymphocyte proliferation assay
The spleens were obtained/extracted at 4 and 6 weeks after the last injection, stimulated by ConA. Lymphocyte proliferation was determined by SI. There was no staistical significance between PBS control group and the empty plasmid control group (P > 0.05). SI of the immune group of pcDNA3.1(+)-BmCPI/CpG and pcDNA3.1(+)-BmCPI/BmGAPDH/CpG increased gradually along with the immune time prolonged. The difference between immune groups and control groups was statistically significant (P < 0.05). Especially, SI of pcDNA3.1(+)-BmCPI/BmGAPDH/CpG group rose more than other groups after 6 weeks [ Table 2 ].
Detection of cytokine interferon-gamma in serum
The cytokine (CK) INF-γ in serum of pcDNA3.1(+)-BmCPI/CpG group and pcDNA3.1(+)-BmCPI/ BmGAPDH/CpG group is significantly higher than those of the empty plasmid control group and PBS control group (P < 0.05). INF-γ of pcDNA3.1(+)-BmCPI/ BmGAPDH/CpG group 4 weeks later rose more than 2 weeks later (P < 0.05). IFN-γ of pcDNA3.1(+)-BmCPI/ BmGAPDH/CpG group was significantly higher than that of pcDNA3.1(+)-BmCPI/CpG group (P < 0.05). There was no significant difference of INF-γ between empty plasmid control group and PBS control group (P > 0.05) [ Table 3 ].
Detection of cytokine interleukin-4 in serum
There was no statistical significance of IL-4 in serum between immune groups of pcDNA3.1(+)-BmCPI/ BmGAPDH/CpG and two control groups of PBS group and pcDNA3.1(+)/CpG group 2 weeks after injection (P > 0.05). IL-4 in serum of immune groups of pcDNA3.1(+)-BmCPI/ CpG and pcDNA3.1(+)-BmCPI/BmGAPDH/CpG were significantly higher than that of two control groups 4 weeks after injection (P < 0.05) and 6 weeks after injection (P < 0.05). There was no significant difference of IL-4 between the immune groups (P > 0.05) and there was no significant difference of IL-4 between the control groups (P > 0.05) [ Table 4 ].
Discussion
Active immunity with vaccines is one of the effective methods to prevent infectious diseases. Filaria is a multicellular human parasite with two developmental stages including inside-mosquito stage and inside-human-body stage. Monovalent vaccines can hardly induce sufficiently effective immunological protection because of filaria's complex life cycle, antigenic molecules and multiple immune escape mechanisms during a long-term evolution with hosts. CPI of parasites, an immunomodulator, has the capacity to regulate the generation of certain CK, and induce anti-inflammatory responses. It can make the host, transform from protective Th1 immune response to nonprotective Th2 immune response. GAPDH, a physiological and metabolic enzyme widely existing in prokaryotes and eukaryotes, plays an important role in glycometabolism. Both GAPDH and CPI might become important target molecules of vaccines and drugs, which own good application prospects in anti-infection of parasites because they have many kinds of physiological functions during filaria's development process. [10] [11] [12] In this study, taking epidemic periodic B. malayi in our country as a research object, we constructed a recombinant expression plasmid containing composite genes of BmCPI/BmGAPDH and then detected the cellular immune responses after injection into the mice to lay a foundation for multivalent anti-filaria genetic engineering vaccines.
The fundamental principle of the genetic vaccine is to insert a gene coding an exogenous antigen into a eukaryotic expression vector, and then to inject the plasmid directly into the human bodies or animal bodies to make it express the antigenic protein; which can induce immune response in host cells. The advantages of DNA vaccines are easy to operate, stable, and low cost; having a good immune effect, and inducing strong immune responses; being able to stay in a host for a long time and induce lasting immune responses; and being able to be applied to prevent frequently variant antigens or antigens with many serotypes. We chose a traditional intramuscular injection method to immunise mice. The time for taking in exogenous genes to express protein in muscle cells is longer than that for other cells. Moreover, the advantages of muscle tissues are safety, great bulk and large inoculation capacity. Twenty-four hours before injection, we pretreated the injection site with an anaesthetic Bupivacaine Hydrochloride Injection to improve the uptake of DNA by muscle. Bands whose length was in accordance with the target genes' were obtained after extraction of total RNA from the injection site and detection by RT-PCR, which indicated that this eukaryotic recombinant DNA vaccine could be expressed in eukaryotic cells. In this experiment, SI of splenic lymphocyte from the mice in immune groups increased obviously after stimulation by ConA in vitro, and the difference of SI was significant between immune groups and the control ones. It indicated that this DNA vaccine could induce cellular immune responses in mice.
The cells are divided into two subsets Th1 and Th2, according to types of CK generating during activated processes. Th1 cells secrete IFN-γ but not IL-4, and activate main cellular immunities. Th2 cells secrete IL-4 and IL-10 but not IFN-γ and activate the synthesis of antibodies. These two types of cells can restrain activities with each other by the secreted CK to regulate immune responses. The DNA vaccine mainly induces Th1 cellular immune response. In this experiment, the significant difference of IFN-γ in serum of the mice between pcDNA3.1(+)-BmCPI/BmGAPDH group and control ones started at 2 weeks after injections while the statistically significant differences of IL-4 started at 4 weeks, and the statistically significant differences of IL-4 in serum of the mice between pcDNA3.1(+)-BmCPI/ BmGAPDH group and pcDNA3.1(+)-BmCPI group at 6 weeks which indicated that cellular immune response induced by the DNA vaccine containing this composite gene was a major type of Th1. CpG ODN as a new type of immunoadjuvant can activate higher immune system in animal; activate immunocompetent cells such as B-lymphocyte, macrophagocyte (M), dendritic cell and natural killer cell induce a lot of various CK such as IL-1, IL-6, IL-12, IL-18, tumor necrosis factors -α, IFN-α and IFN-γ and enhance specific and nonspecific immune responses when injected together with the vaccine. [13, 14] Another unique advantage of DNA vaccine is that it can provide possibilities for co-immunisation, that is to say we can construct a plasmid containing different antigenic genes or combine several plasmids containing different antigenic genes to prepare multi-functional vaccines: Composite vaccine or multivalent vaccine to get the same immune effect with several times of different immunisations at one time. [15] In this study, we found SI of splenic lymphocyte from the mice in pcDNA3.1(+)-BmCPI/BmGAPDH/CpG group increased obviously 6 weeks after injection, and its increased amplitude was higher than pcDNA3.1(+)-BmCPI/CpG group. IFN-γ in serum from the mice in the two immune groups increased obviously all the time, especially, IFN-γ of pcDNA3.1(+)-BmCPI/BmGAPDH/CpG increased more significantly and had a significant difference with IFN-γ of pcDNA3.1(+)-BmCPI/CpG group. In this experiment, we performed a preliminary study on this field. We will make a further study on composite DNA vaccine for periodic B. malayi.
Conclusions
We conclude that the recombinant plasmid pcDNA3.1(+) BmCPI/BmGAPDH could elicit specific humoural and cellular immune responses in mice.
